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mounted on the PCB, the integrated circuit having a test 
signal generator that transmits a test signal to an output pin of 
the integrated circuit, with the output pin connected to a test 
point on the PCB; the integrated circuit also having signal 
identification logic that inserts into the test signal, an identi 
fier of the signal; a test probe in contact with the test point; and 
a signal-identifying controller that receives the test signal and 
the identifier from the test probe and displays, in dependence 
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IDENTIFYING ASIGNAL ON A PRINTED 
CIRCUIT BOARD UNDER TEST 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a continuation application of and claims 
priority from U.S. patent application Ser. No. 12/785,572, 
filed on May 24, 2010. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The field of the invention is data processing, or, more 

specifically, methods, apparatus, and products for identifying 
a signal on a printed circuit board (PCB) under test. 

2. Description of Related Art 
A tester approaches a PCB with a test probe. The PCB has 

hundreds of vias accessible to the probe at test points on the 
PCB, the vias connecting through the laminate layers of the 
PCB to ball contacts in ball grid arrays (BGAs) on one or 
more flip chips mounted somewhere on the PCB. The tester 
contacts a test point with the probe and turns to look at a test 
monitor, an oscilloscope display on which is now displayed 
the test signal from the test point on the PCB. Here's the 
problem: What signal is it? What signal does the tester expect 
to see on the monitor? To which pin on which integrated 
circuit package is the probe now connected? To which of the 
hundreds of conductors in fifteen layers of laminate in the 
PCB is the probe now connected? In high speed electrical lab 
validation, pins in a BGA or connectors are notoriously hard 
to identify and probe in a lab environment. The boards, the 
chip carriers, or the chips themselves, all described in detail in 
a ComputerAided Design (CAD) file may be installed in the 
system in a different orientation than is shown in CAD file. 
The boards, the chip carriers, or the chips themselves may be 
flipped over or rotated, for better access. A chip package can 
have several hundred pins, spaced at a very narrow pitch, 
making it hard to keep track of the intended pin to be probed. 
A PCB that would otherwise have silkscreened signal iden 
tifiers silkscreened onto a surface of the PCB may have no 
space around a particular chip to insert silkscreen text, or 
silkscreened text may be covered by an overhanging heat sink 
or other component. 

SUMMARY OF THE INVENTION 

Apparatus and methods for identifying a signal on a printed 
circuit board (PCB) under test, including an integrated cir 
cuit mounted on the PCB, the integrated circuit having a test 
signal generator that transmits a test signal to an output pin of 
the integrated circuit, with the output pin connected to a test 
point on the PCB; the integrated circuit also having signal 
identification logic that inserts into the test signal, an identi 
fier of the signal; a test probe in contact with the test point; and 
a signal-identifying controller that receives the test signal and 
the identifier from the test probe and displays, in dependence 
upon the identifier, the identity of the signal. 

The foregoing and other objects, features and advantages 
of the invention will be apparent from the following more 
particular descriptions of example embodiments of the inven 
tion as illustrated in the accompanying drawings wherein like 
reference numbers generally represent like parts of example 
embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 sets forth a line drawing and functional block dia 
gram of apparatus for identifying a signal on a PCB under test 
according to embodiments of the present invention. 
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2 
FIG. 2 sets forth a cross-sectional plan view of an example 

multi-layer PCB illustrating features of the kind of PCB typi 
cally under test by apparatus for identifying a signal on a PCB 
according to embodiments of the present invention. 

FIGS. 3-4 set forth sets forth schematic diagrams of 
example signal identification logic for identifying signals on 
a PCB according to embodiments of the present invention. 

FIGS. 5-7 set forth flow charts illustrating example meth 
ods of identifying a signal on a PCB under test according to 
embodiments of the present invention. 

DETAILED DESCRIPTION OF EXAMPLE 
EMBODIMENTS 

Example methods, apparatus, and products for identifying 
a signal on a PCB under test in accordance with the present 
invention are described with reference to the accompanying 
drawings, beginning with FIG. 1. FIG. 1 sets forth a line 
drawing and functional block diagram of apparatus for iden 
tifying a signal on a PCB (102) under test according to 
embodiments of the present invention. The PCB of FIG. 1 
includes a number of electronic test points (134, 136, 138, 
140,142). At least some of the test points conduct test signals 
because one or more of the circuits (126, 128, 130, 132) has 
been placed in a test mode that generates test signals in test 
patterns on output pins of the circuit. The four circuits (126, 
128, 130, 132) on the PCB are integrated circuits representing 
two kinds of integrated circuit packaging, two of the circuits 
(126,128) are packaged in Thin Quad Flat Packs or TQFPs. 
and the other two (130, 132) are in Ball Grid Array packages 
or BGAs. Both TQFP and BGA are forms of surface-mount 
technology that Support many pin connections from a chip 
through its package to conductors on and in a PCB. The 
TQFPs (126, 128) in this example are each 52-pin packages, 
and each BGA (130, 132) in this example is a 76-pin package. 
These are conservative examples only. Surface mount pack 
ages such as these can Support many more external connec 
tions. Some BGAs have hundreds of pins in their arrays. The 
actual connection arrays (190, 192) in this example are 
shown, for ease of explanation, on the top of the BGA pack 
ages (130, 132), so that they are visible to readers; readers will 
recognize that in an actual installation, however, the balls in a 
Ball Grid Array are positioned under the package, between 
the package and the top surface of the PCB, where they would 
not be visible as they are here. 

It is said that pin conductors of a PCB are both on and in 
a PCB because PCBs are typically manufactured with mul 
tiple layers of laminate and conductors. For further explana 
tion, FIG. 2 sets forth a cross-sectional plan view of an 
example multi-layer PCB (40) illustrating features of the kind 
of PCB typically under test by apparatus for identifying a 
signal on a PCB according to embodiments of the present 
invention. The example PCB in FIG. 2 includes layers of 
laminate (30), several conductors (32, 46, 34) among the 
layers of laminate, and two vias (10, 20) traversing layers of 
laminate. The Vias are composed of conductive material dis 
posed in holes drilled through layers of laminate. Vias gener 
ally are used as electrical conductors through the layers of 
laminate, connected to conductors in the layers, conductors 
Such as signal lines, ground planes, ground lines, power 
planes, power lines, and so on. The tops of the vias (10, 20) 
and the bottom of via (20) here are formed into contact pads 
(24) that are used as test points in apparatus for identifying a 
signal on a PCB according to embodiments of the present 
invention. Via (20) also has a bottom pad (25), but it is buried 
inside the laminate and cannot be reached by a probe for use 
as a test point. 

In the example of FIG. 2, via (10) conducts an alternating 
current signal (204), test signal embedded with an identifier 
of a signal, from integrated circuit IC 1 and a conductive trace 
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(32) on the top layer (42) of the PCB to a trace (34) on an 
internal layer (44) of the PCB. Via (10) conducts the signal 
(204) through the top portion (12) of via (10) to trace (34), and 
the signal then travels through via (20) and trace (35) to 
integrated circuit IC2. The signal (204) is accessible by probe 
at test points (24). 
The conductors in the laminate in the example PCB of FIG. 

2 include a ground plane (46) disposed upon the second layer 
(43) of laminate. The structure of PCB (40) is simplified here 
for ease of explanation; readers will recognize that PCBs 
under test by apparatus for identifying signals on a PCB 
according to embodiments of the present invention typically 
will have, not just one or two, but many signal traces, many 
vias, and many test points. In addition, such PCBs will 
include not just four or five layers of laminate, but ten layers, 
twenty layers, or more. 

Again referring to FIG. 1: The example PCB (102) of FIG. 
1 includes five sets of signal traces (146, 148, 150, 152, 154). 
PCB (102) is a multi-layer PCB, and the signal traces (146, 
148, 150, 152, 154) are disposed upon various laminate layers 
of PCB (102). The layers are not visible in FIG. 1 because 
PCB (102) is illustrated in top view only. The fact that the 
signal traces are disposed upon various levels of PCB (20), 
therefore, is represented in FIG. 1 by illustrating the traces 
partly with dotted lines (196) and partly with solid lines (198). 
Transitions from dotted to solid occur attest points (134,136, 
138, 140, 142), where the traces change layers and are 
brought out to the top layer through Vias, where the traces can 
be accessed with a test probe. 

The example apparatus of FIG. 1 includes a test probe 
(104). The test probe, connected through a wireline connec 
tion (172) to the signal-identifying controller (114), is posi 
tioned in contact with test point (144) and conducts to the 
signal-identifying controller a test signal (204) embedded 
with an identifier (208) of a signal. In this example, the test 
signal (204) originates on output pin (226) of integrated cir 
cuit (126). The integrated circuit (126) includes a test signal 
generator (202) that transmits the test signal to the output pin, 
and the output pin (222) is connected to test point (144) 
through trace (224). The integrated circuit (126) also includes 
signal identification logic (254) that inserts into the test signal 
(204) the identifier (208) of the signal. The identifier (208) 
itself can be either the actual identity of the signal as such, or 
the identifier can be only an encoded value that represents the 
identity of the signal. The process of inserting the identifier 
into the test signal is explained in more detail below with 
reference to FIGS. 4 and 5. 
The example apparatus of FIG. 1 also includes the signal 

identifying controller (114), which is a module of automated 
computing machinery that receives from the test probe (104) 
the test signal (204) and the identifier (208) and displays, in 
dependence upon the identifier, the identity of the signal. It is 
said that the signal-identifying controller (114) displays in 
dependence upon the identifier because the identifier can 
either contain the actual identity of the signal, or the identifier 
can be an encoded value that only represents the identity of 
the signal. In embodiments where the identifier (208) of the 
signal includes the identity of the signal, the signal-identify 
ing controller (114) extracts the identity (262) of the signal 
from the test signal and displays the identity of the signal on 
either an integrated display (180) or an oscilloscope display 
(120). In embodiments where the identifier (208) of the signal 
is composed of only an encoded value that represents the 
identity of the signal, the signal-identifying controller (114) 
extracts the encoded value from the test signal, decodes the 
encoded value to produce the actual identity (262) of the 
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signal, and displays the identity of the signal on either an 
integrated display (180) or an oscilloscope display (120). 
The signal-identifying controller (114) is represented in 

this example as a separate component, although it is in other 
embodiments integrated into a test scope (118), packaged as 
an integrated circuit and mounted on the PCB (102), inte 
grated into the probe (104) itself, or implemented in other 
ways as will occur to those of skill in the art. The signal 
identifying controller (114) in this example is represented as 
having a computer processor or CPU (156) connected 
through a system bus (166) to a computer memory (168) 
bearing a control program (122), a built-in display (180), and 
a communications adapter (167). In other embodiments, as a 
module of automated computing machinery, the signal-iden 
tifying controller (114) can be implemented as a microcon 
troller with a Harvard architecture, as a Complex Program 
mable Logic Device (CPLD), as a Field Programmable 
Gate Array (FPGA), as an Application Specific Integrated 
Circuit (ASIC), entirely as hardware, a combination of hard 
ware and Software, and in other ways as will occur to those of 
skill in the art. In the particular example of FIG. 1, the control 
program (122) is composed of computer program instructions 
that operate the CPU (156), a computer processor or micro 
controller, to identify signals on the PCB according to 
embodiments of the present invention. 
The signal-identifying controller (114) is also connected to 

a display, actually, in the example of FIG. 1, two displays, an 
integrated display (180) and an oscilloscope display (120). 
The scope connection (188) is preferred, because by its use 
signals can be both displayed and identified to a user on the 
same screen at the same time, but other embodiments can 
include a small display Such as a Liquid Crystal Display 
(LCD), for example, on the signal-identifying controller 
(114) itself. In an embodiment with the signal-identifying 
controller (114) integrated in to a probe, for example, a user 
can place the probe at a test point on the PCB and read from 
a small LCD display on the probe itself the identity of the 
signal at that test point. 

In the particular example embodiment of FIG.1, the signal 
identifying controller (114) includes in its memory (168) a 
list (124) of signal identities for use in decoding encoded 
values that represent identities of signals—in embodiments 
where an identifier (208) of the signal is composed only of an 
encoded value that represents the identity of the signal. In 
Such embodiments, the example signal-identifying controller 
(114) of FIG. 1 decodes encoded values by finding, indepen 
dence upon the encoded value in a list of signal identities, the 
identity of the signal, a process explained further with refer 
ence to Table 1. 

TABLE 1 

Encoded Values And Signal Identities 

Encoded Values Signal Identities 

Index Value Key Value Component Name Pin Name Signal Name 

OOOO hash-00 Pentin TM AKO8 A2OMii 
OOO1 hash-01 Pentin TM AJOS ADSii 
OOO2 hash-02 Pentin TM AMO2 ADSC# 
OOO3 hash-03 Pentin TM VO4 AHOLD 
OOO4 hash-04 Pentin TM AKO2 AP 
OOOS hash-05 Pentin TM AEOS APCHKii 
OOO6 hash-06 Pentin TM ALO9 BEOhi 
OOO7 hash-07 Pentin TM AK10 BE1i 
OOO8 hash-08 Pentin TM AL11 BE2ii 
OOO9 hash-09 Pentin TM AL12 BE3i 
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Table 1 is an example embodiment of a list (124) signal 
identities. In the example of Table 1, the signal identities are 
associated with identifiers of signals in the form of encoded 
values representing signal identities. Each row in Table 1 
represents an association of an encoded value that represents 
the identity of a signal with information describing the actual 
identity of the signal. The values in the Index Value and the 
Key Value columns are encoded values that are associated 
with particular signal identities in the Component Name, Pin 
Name, and Signal Name columns. Examples of signal iden 
tities include combinations of component names, pin names, 
signal names, schematic symbol names, and others that will 
occur to those of skill in the art. In Table 1, the index values 
and key values are alternative forms of encoded values for 
representing identities of signals. The index values in the 
Index Value column are sequential integers, which illustrates 
the fact that, so long as the list of signal identities is sorted 
according to Such index values, there is no need to actually 
include Such a column of index values in the list because the 
position of each entry in the list is already ordered according 
to the index values, the encoded values. The key values in the 
Key Value column are represented here as hash values—so 
that there would be no assurance in using Such key values or 
hash values as encoded values that the values would form a 
sequence of integers. Using Such key values or hash values as 
encoded values would probably entail including the Key 
Value column in the list for use in looking up signal identities. 

Table 1 includes ten examples of associations of encoded 
values with particular signal identities, which function to 
identity signals on a PCB as follows: 

For index value 0001: A probe is positioned at a test point, 
conducting a test signal with an embedded identifier to 
the signal-identifying controller. The signal-identifying 
controller receives a test signal with the identifier 
embedded as an encoded value, the index value 0001, 
extracts the identifier form the test signal, and decodes 
the identifier by finding the index value 0001 in Table 1 
and retrieving its associated signal identity, thereby 
identifying the signal whose identity is represented by 
index value 0001 as Component Name="PentiumTM,” 
signifying that the signal available at that test point 
comes from an Intel PentiumTM processor package on 
the PCB, Pin Name="AK08, and Signal 
Name="A20Mil, the masking signal for physical 
address bit 20. 

For index value 0002: A probe is positioned at a test point, 
conducting a test signal with an embedded identifier to 
the signal-identifying controller. The signal-identifying 
controller receives a test signal with the identifier 
embedded as an encoded value, the index value 0002, 
extracts the identifier form the test signal, and decodes 
the identifier by finding the index value 0002 in Table 1 
and retrieving its associated signal identity, thereby 
identifying the signal whose identity is represented by 
index value 0002 as Component Name="PentiumTM,” 
signifying that the signal available at that test point 
comes from an Intel PentiumTM processor package on 
the PCB, Pin Name="AJ05, and Signal 
Name="ADSi, the address strobe signal. 

For index value 0003: A probe is positioned at a test point, 
conducting a test signal with an embedded identifier to 
the signal-identifying controller. The signal-identifying 
controller receives a test signal with the identifier 
embedded as an encoded value, the index value 0003, 
extracts the identifier form the test signal, and decodes 
the identifier by finding the index value 0003 in Table 1 
and retrieving its associated signal identity, thereby 
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6 
identifying the signal whose identity is represented by 
index value 0003 as Component Name="PentiumTM.” 
signifying that the signal available at that test point 
comes from an Intel PentiumTM processor package on 
the PCB, Pin Name="AMO2,” and Signal 
Name="ADSC#, the address strobe copy signal. 

For index value 0004: A probe is positioned at a test point, 
conducting a test signal with an embedded identifier to 
the signal-identifying controller. The signal-identifying 
controller receives a test signal with the identifier 
embedded as an encoded value, the index value 0004, 
extracts the identifier form the test signal, and decodes 
the identifier by finding the index value 0004 in Table 1 
and retrieving its associated signal identity, thereby 
identifying the signal whose identity is represented by 
index value 0004 as Component Name="PentiumTM.” 
signifying that the signal available at that test point 
comes from an Intel PentiumTM processor package on 
the PCB, Pin Name="V04,” and Signal 
Name="AHOLD, the address hold signal. 

For index value 0005: A probe is positioned at a test point, 
conducting a test signal with an embedded identifier to 
the signal-identifying controller. The signal-identifying 
controller receives a test signal with the identifier 
embedded as an encoded value, the index value 0005, 
extracts the identifier form the test signal, and decodes 
the identifier by finding the index value 0005 in Table 1 
and retrieving its associated signal identity, thereby 
identifying the signal whose identity is represented by 
index value 0005 as Component Name="PentiumTM.” 
signifying that the signal available at that test point 
comes from an Intel PentiumTM processor package on 
the PCB, Pin Name="AK02, and Signal Name="AP.” 
the address parity signal. 

And so on . . . . 
For ease of explanation, Table 1 includes only ten examples 

of signal identities, but readers will recognize that actual lists 
of signal identities often will contain many more. The 
example implementation of a list of signal identities associ 
ated with encoded values as Table 1 also is only for ease of 
explanation, not a limitation of the present invention. A list of 
signal identities can be implemented as a linked list in com 
puter memory, an array, a C-style structure or struct, an 
array of structures, and so on as will occur to those of skill in 
the art. 

For further explanation, FIG. 3 sets forth a schematic dia 
gram of example signal identification logic (254) for identi 
fying signals on a PCB according to embodiments of the 
present invention. The signal identification logic (254) is a 
network of digital logic, so that signal values on conductors in 
the network are described as high or low, on or off. 
active or inactive, and so on. The signal identification logic 
(254) is installed in an integrated circuit (126) on a PCB (102) 
under test. The signal identification logic (254) in this 
example includes a counter (242), a demultiplexer (246), a 
shift register (240), and digital switches (210, 212) composed 
of logic gates (214, 216, 218). Outputs of the switches are 
connected through internal conductors (220, 228) within the 
integrated circuit (126) to output pins (222, 230), PCB traces 
(224, 232), and test points (144, 234). The switches are con 
trolled digitally by switch control lines (256). For conve 
nience of explanation, the example signal identification logic 
(254) of FIG. 3 includes only two switches (210, 212) con 
nected to only two switch control lines (250, 252), although 
readers will recognize that typical embodiments of signal 
identification logic for identifying PCB signals according to 
embodiments of the present invention include many Switch 
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control lines controlling many Switches with outputs to many 
output pins and many test points. 

In the signal identification logic (254) in the example of 
FIG. 3, when switch control lines (250, 252) are low, gates 
(214) are active, and the switches (210, 212) conduct a test 
signal (204) from test signal generator (202) to output pins 
(222,230) and test points (144, 234). The demultiplexer (246) 
drives one of the switch control lines (256) high. For the 
switch with its switch control line high, gate (214) is turned 
off gate (216) is turned on, and the Switch conducts an iden 
tifier of a control pin from shift register (240) to output pins 
(222, 230) and test points (144, 234), thereby inserting the 
identifier of the signal into the test signal. When the switch's 
Switch control line again goes low, the Switch resumes con 
ducting the test signal (204)—so that the interruption of the 
test signal for insertion of the identifier is temporary and 
short. 
The switch control lines (256) are driven by the outputs 

Qo...Q., of the demultiplexer (246). With its signal input S 
simply tied high through conductor (248) to +V, the demul 
tiplexer (246) drives high the one of the switch control lines 
(256) selected for output of signal by the address driven onto 
the address inputs A. . . . A of the demultiplexer by the 
counter (242). The counter (242) is programmed to cycle 
through a sequence of count values beginning with Zero and 
ending with a count of the number of switch control lines 
minus one, then starting over at Zero, and so on. The count 
value on the output (266) of the counter, which is also the 
multiplexer address, always selects exactly one of the Switch 
control lines to drive high and activate exactly one Switch to 
insert one identifier of a signal into the test signal. The 0" 
switch control line is connected to the 0” switch. The 1" 
switch control line is connected to the 1" switch. The 2" 
switch control line is connected to the 2" switch. And so on, 
so that the counter value Nalways exactly corresponds to the 
output pin connected to the N" switch, thereby encoding a 
value that represents the identity of the signal transmitted to 
and through that outputpin. The encoded value is presented in 
parallel to the shift register (240), and the shift register trans 
mits the encoded value serially to the switches, to all of the 
switches, only one of which is activated. The switch that is 
activated is the switch that corresponds to the encoded value 
presently output by the shift register. The clocks (236, 238) 
are synchronized so that the shift register has time to serialize 
the encoded value, needing one clock cycle per bit. With, for 
example, eight address lines (266) in parallel, corresponding 
to 256 switch control lines, the shift register's clock (236) 
typically would run at least eight times faster than the 
counter's clock (238) giving the shift register time to shift 
all eight bits from its parallel input (270) to its serial output 
(272) before the counter (242) and the demultiplexer (246) 
turn off the currently active switch and turn on the next one. 

For further explanation, FIG. 4 sets forth a schematic dia 
gram of a further example of signal identification logic (254) 
for identifying signals on a PCB according to embodiments of 
the present invention. The signal identification logic (254) of 
FIG. 4 is similar to the example signal identification logic 
(254) of FIG.3, including as it does a counter (242), a demul 
tiplexer (246), a shift register (240), and digital switches (210. 
212) composed of logic gates (214, 216, 218) with outputs of 
the switches connected through internal conductors (220, 
228) to output pins (222,230), PCB traces (224, 232), and test 
points (144, 234). 
The signal identification logic (254) of FIG. 4, however, 

unlike the signal identification logic (254) of FIG.3, includes 
memory (258), connected between the counter (242) and the 
shift register (240), and driven by the counter output (266). 
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8 
The memory (258) contains a list (260) of signal identities 
similar to the list set forth above in Table 1, with the contents 
of the memory sorted according to index values implemented 
by the output values of the counteras it steps through its count 
from Zero to the number of switch control lines minus one. 
The memory can, for example, be implemented as a content 
addressable memory (CAM) so that driving its input (274) 
with an address automatically presents corresponding content 
on its output (276). In this way, the contents of the memory 
location so addressed are always the actual identity of the 
signal driven through the output pin driven by the Switch 
currently activated by the one switch control line correspond 
ing to the present counter value, the value driven onto the 
address inputs A... A of the demultiplexer, and the address 
driven onto the address inputs (274) of the memory. That is, 
signal identification logic (254) of FIG. 4 finds, in depen 
dence upon the demultiplexer address in a list (260) of signal 
identities, the identity of the signal currently driven through 
the output pin that is currently connected by one of the 
switches to the output of the shift register. What the shift 
register shifts to its output (272), therefore, is not an encoded 
value representing an identity of a signal, but the actual full 
identity of the signal as such, read from the list (260) in 
memory (258). 

For further explanation, FIG. 5 sets forth a flow chart 
illustrating an example method of identifying signals on a 
PCB according to embodiments of the present invention. The 
method of FIG. 5 is implemented on apparatus like that 
described and illustrated above with reference to FIGS. 1 and 
4. The method of FIG. 5 is therefore explained here with 
reference not only to FIG. 5 but also to FIGS. 1 and 4, using 
reference numbers from all three drawings. The method of 
FIG. 5 includes transmitting (302) a test signal (204) from a 
test signal generator (202) of an integrated circuit (126) 
mounted on the PCB (102) to an output pin (222) of the 
integrated circuit, with the output pin connected to a test point 
(144) on the PCB. 
The method of FIG. 5 also includes inserting (304), by 

signal identification logic (254) of the integrated circuit (126) 
into the test signal (204), an identifier (208) of the signal. In an 
embodiment, the identifier is inserted continually, but in other 
embodiments, the signal identification logic inserts the iden 
tifier periodically at predetermined intervals. In an embodi 
ment with 16 counter output lines (266) and 256 switch con 
trol lines, setting the counter clock (238) frequency to 256 
hertz inserts aidentifier of the signal into the test signal output 
on each output pin once per second representing a minimal 
disruption of the test signal with the insertion of the identifier. 
In the example method of FIG. 5, the identifier (208) of the 
signal include the identity (262) of the signal, and inserting 
(304) an identifier of the signal include demultiplexing (310) 
the identifier to the output pin with a demultiplexer address 
A... A. and finding (312), in dependence upon the demul 
tiplexer address in a list (260) of signal identities, the identity 
of the signal. 
The method of FIG. 5 also includes receiving (306), by a 

signal-identifying controller (114) from a test probe (104) in 
contact with the test point (114), the test signal (204) and the 
identifier (208). The method of FIG. 5 also includes display 
ing (308), by the signal-identifying controller (114) in depen 
dence upon the identifier (208), the identity of the signal. In 
the method of FIG. 5, where the identifier of the signal 
includes the identity (262) of the signal, displaying (308) the 
identity of the signal includes extracting (314) the identity 
(262) of the signal from the test signal. 

For further explanation, FIG. 6 sets forth a flow chart 
illustrating a further example method of identifying signals 
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on a PCB according to embodiments of the present invention. 
The method of FIG. 6 is implemented on apparatus like that 
described and illustrated above with reference to FIGS. 1 and 
3. The method of FIG. 6 is therefore explained here with 
reference not only to FIG. 6 but also to FIGS. 1 and 3, using 
reference numbers from all three drawings. The method of 
FIG. 6 includes transmitting (302) a test signal (204) from a 
test signal generator (202) of an integrated circuit (126) 
mounted on the PCB (102) to an output pin (222) of the 
integrated circuit, with the output pin connected to a test point 
(144) on the PCB. 
The method of FIG. 6 also includes inserting (304), by 

signal identification logic (254) of the integrated circuit (126) 
into the test signal (204), an identifier (208) of the signal. In 
the example method of FIG. 6, the identifier (208) of the 
signal is composed of only an encoded value that represents 
the identity (262) of the signal. In the method of FIG. 6, 
inserting (304) an identifier of the signal includes demulti 
plexing (310) the identifier to the output pin with a demulti 
plexer address A . . . A. and taking (316), by the signal 
identification logic as the encoded value, the demultiplexer 
address. 
The method of FIG. 6 also includes receiving (306), by a 

signal-identifying controller (114) from a test probe (104) in 
contact with the test point (114), the test signal (204) and the 
identifier (208). The method of FIG. 6 also includes display 
ing (308), by the signal-identifying controller (114) in depen 
dence upon the identifier (208), the identity of the signal. In 
the method of FIG. 6, where the identifier of the signal is 
composed of only an encoded value that represents the iden 
tity (262) of the signal, displaying (308) the identity of the 
signal includes extracting (318) the encoded value (264) from 
the test signal (204) and decoding (320) the encoded value. In 
the example of FIG. 6, the decoding (320) is carried out by 
finding (322), in dependence upon the encoded value in a list 
(260) of signal identities, the identity (262) of the signal. 

For further explanation, FIG. 7 sets forth a flow chart 
illustrating an example method of identifying signals on a 
PCB according to embodiments of the present invention. The 
method of FIG. 7 is implemented on apparatus like that 
described and illustrated above with reference to FIGS. 1 and 
3. The method of FIG. 7 is therefore explained here with 
reference not only to FIG. 7 but also to FIGS. 1 and 3, using 
reference numbers from all three drawings. The method of 
FIG. 7 includes configuring (324) the integrated circuit (126) 
with an initial demultiplexer address (326) and a demulti 
plexer address range (328). Such a configuring can be carried 
out by storing the initial demultiplexer address (326) and the 
demultiplexer address range (328) in memory in the inte 
grated circuit, either at the time of manufacture, using non 
volatile memory, or at test time. The method of FIG. 7 also 
includes transmitting (302) a test signal (204) from a test 
signal generator (202) of an integrated circuit (126) mounted 
on the PCB (102) to an output pin (222) of the integrated 
circuit, with the output pin connected to a test point (144) on 
the PCB. 

The method of FIG. 7 also includes inserting (304), by 
signal identification logic (254) of the integrated circuit (126) 
into the test signal (204), an identifier (208) of the signal. In 
the method of FIG.7, inserting (304) an identifier (208) of the 
signal includes demultiplexing (330) the identifier (208) to 
the output pin with a demultiplexer address A . . . A that 
satisfies I-A-(I+R-1), where I is the initial demultiplexer 
address (326), A is the value of the demultiplexer address, and 
R is the demultiplexer address range (328). Such demulti 
plexing is implemented by programming the counter (242) to 
begin its count at the value of the initial demultiplexer address 
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10 
and conclude its count at the value I+R-1, then wrapping 
around to begin again with the initial demultiplexer address. 

This method supports multiple integrated circuits with Sig 
nal identification logic on the same PCB under test by making 
each identifier of a signal unique across all of the integrated 
circuits with signal identification logic on the same PCB 
because each integrated circuits with signal identification 
logic on the same PCB is assigned a separate initial multi 
plexer address and a demultiplexer address range that does 
not overlap with the demultiplexer address range assigned to 
any other integrated circuit with signal identification logic on 
the same PCB. If, for example, both integrated circuits (126, 
130) have signal identification logic (254), both integrated 
circuits are sending test signals (204) to fifty output pins, 
integrated circuit (126) is configured with initial demulti 
plexer value=0 and with demultiplexer range=50, integrated 
circuit (139) is configured with initial demultiplexer 
value=50 and with demultiplexer range=50, then the counter 
(242) in integrated circuit (126) drives its demultiplexer with 
demultiplexer addresses in the range 0-49, and the counter 
(242) in integrated circuit (130) drives its demultiplexer with 
demultiplexer addresses in the range 50-99. In this way, a 
signal-identifying controller (114) uses the same list (260) for 
all signal identities in both integrated circuits, able to find in 
the list signal identities for both integrated circuits because 
the encoded values resulting from Such demultiplexing are 
unique across both integrated circuits. The same method can 
be extended to any number of integrated circuits having signal 
identification logic (254) that Support identifying signals on a 
PCB according to embodiments of the present invention. 
The method of FIG. 7 also includes receiving (306), by a 

signal-identifying controller (114) from a test probe (104) in 
contact with the test point (114), the test signal (204) and the 
identifier (208). The method of FIG. 7 also includes display 
ing (308), by the signal-identifying controller (114) in depen 
dence upon the identifier (208), the identity of the signal. 
Example embodiments of the present invention are 

described largely in the context of a fully functional computer 
system for identifying a signal on a PCB under test. Readers 
of skill in the art will recognize, however, that the present 
invention also may be embodied in a computer program prod 
uct disposed upon computer readable storage media for use 
with any suitable data processing system. Such computer 
readable storage media may be any storage medium for 
machine-readable information, including magnetic media, 
optical media, or other Suitable media. Examples of Such 
media include magnetic disks in hard drives or diskettes, 
compact disks for optical drives, magnetic tape, and others as 
will occur to those of skill in the art. Persons skilled in the art 
will immediately recognize that any computer system having 
Suitable programming means will be capable of executing the 
steps of the method of the invention as embodied in a com 
puter program product. Persons skilled in the art will recog 
nize also that, although some of the exemplary embodiments 
described in this specification are oriented to software 
installed and executing on computer hardware, nevertheless, 
alternative embodiments implemented as firmware or as 
hardware are well within the scope of the present invention. 
As will be appreciated by one skilled in the art, aspects of 

the present invention may be embodied as a system, that is as 
apparatus, or as a method or a computer program product. 
Accordingly, aspects of the present invention may take the 
form of an entirely hardware embodiment, embodiments that 
are at least partly software (including firmware, resident soft 
ware, micro-code, etc.), with embodiments combining soft 
ware and hardware aspects that may generally be referred to 
herein as a “circuit.” “module.” “apparatus.” or “system.” 



US 9,146,271 B2 
11 

Furthermore, aspects of the present invention may take the 
form of a computer program product embodied in one or more 
computer readable media having computer readable program 
code embodied thereon. Any combination of one or more 
computer readable media may be utilized. A computer read 
able medium may be a computer readable signal medium or a 
computer readable storage medium. A computer readable 
storage medium may be, for example, but not limited to, an 
electronic, magnetic, optical, electromagnetic, infrared, or 
semiconductor system, apparatus, or device, or any Suitable 
combination of the foregoing. More specific examples (a 
non-exhaustive list) of the computer readable storage 
medium would include the following: an electrical connec 
tion having one or more wires, a portable computer diskette, 
a hard disk, a random access memory (RAM), a read-only 
memory (ROM), an erasable programmable read-only 
memory (EPROM or Flash memory), an optical fiber, a por 
table compact disc read-only memory (CD-ROM), an optical 
storage device, a magnetic storage device, or any Suitable 
combination of the foregoing. In the context of this document, 
a computer readable storage medium may be any tangible 
medium that can contain, or store a program for use by or in 
connection with an instruction execution system, apparatus, 
or device. 
A computer readable signal medium may include a propa 

gated data signal with computer readable program code 
embodied therein, for example, in baseband or as part of a 
carrier wave. Such a propagated signal may take any of a 
variety of forms, including, but not limited to, electro-mag 
netic, optical, or any Suitable combination thereof. A com 
puter readable signal medium may be any computer readable 
medium that is not a computer readable storage medium and 
that can communicate, propagate, or transport a program for 
use by or in connection with an instruction execution system, 
apparatus, or device. Program code embodied on a computer 
readable medium may be transmitted using any appropriate 
medium, including but not limited to wireless, wireline, opti 
cal fiber cable, RF, etc., or any suitable combination of the 
foregoing. 

Computer program code for carrying out operations for 
aspects of the present invention may be written in any com 
bination of one or more programming languages, including 
an object oriented programming language such as Java, 
Smalltalk, C++ or the like and conventional procedural pro 
gramming languages, such as the “C” programming language 
or similar programming languages. The program code may 
execute entirely on the user's computer, partly on the user's 
computer, as a stand-alone software package, partly on the 
user's computer and partly on a remote computer or entirely 
on the remote computer or server. In the latter scenario, the 
remote computer may be connected to the user's computer 
through any type of network, including a local area network 
(LAN) or a wide area network (WAN), or the connection may 
be made to an external computer (for example, through the 
Internet using an Internet Service Provider). 

Aspects of the present invention are described with refer 
ence to flowchart illustrations and/or block diagrams of meth 
ods, apparatus (systems) and computer program products 
according to embodiments of the invention. It will be under 
stood that each block of the flowchart illustrations and/or 
block diagrams, and combinations of blocks in the flowchart 
illustrations and/or block diagrams, can be implemented by 
computer program instructions. These computer program 
instructions may be provided to a processor of a general 
purpose computer, special purpose computer, or other pro 
grammable data processing apparatus to produce a machine, 
Such that the instructions, which execute via the processor of 
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12 
the computer or other programmable data processing appa 
ratus, create means for implementing the functions/acts 
specified in the flowchart and/or block diagram block or 
blocks. 

These computer program instructions may also be stored in 
a computer readable medium that can direct a computer, other 
programmable data processing apparatus, or other devices to 
function in a particular manner, such that the instructions 
stored in the computer readable medium produce an article of 
manufacture including instructions which implement the 
function/act specified in the flowchart and/or block diagram 
block or blocks. The computer program instructions may also 
be loaded onto a computer, other programmable data process 
ingapparatus, or other devices to cause a series of operational 
steps to be performed on the computer, other programmable 
apparatus or other devices to produce a computer imple 
mented process such that the instructions which execute on 
the computer or other programmable apparatus provide pro 
cesses for implementing the functions/acts specified in the 
flowchart and/or block diagram block or blocks. 
The flowcharts and block diagrams in the Figures illustrate 

the architecture, functionality, and operation of possible 
implementations of systems, methods and computer program 
products according to various embodiments of the present 
invention. In this regard, each block in a flowchart or block 
diagram may represent a module, segment, or portion of code 
or other automated computing machinery, which comprises 
one or more executable instructions or logic blocks for imple 
menting the specified logical function(s). It should also be 
noted that, in Some alternative implementations, the functions 
noted in the block may occur out of the order noted in the 
figures. For example, two blocks shown in succession may, in 
fact, be executed substantially concurrently, or the blocks 
may sometimes be executed in the reverse order, depending 
upon the functionality involved. It will also be noted that each 
block of the block diagrams and/or flowchart illustration, and 
combinations of blocks in the block diagrams and/or flow 
chart illustration, can be implemented by special purpose 
hardware-based systems that perform the specified functions 
or acts, or combinations of special purpose hardware and 
computer instructions. 

It will be understood from the foregoing description that 
modifications and changes may be made in various embodi 
ments of the present invention without departing from its true 
spirit. The descriptions in this specification are for purposes 
of illustration only and are not to be construed in a limiting 
sense. The scope of the present invention is limited only by 
the language of the following claims. 

The invention claimed is: 
1. A method of identifying a signal on a printed circuit 

board (PCB) under test, the method comprising: 
transmitting a test signal from a test signal generator of an 

integrated circuit mounted on the PCB to an output pin 
of the integrated circuit, the output pin connected to a 
test point on the PCB; 

inserting, by signal identification logic of the integrated 
circuit into the test signal, an identifier of the signal, 
wherein the identifier of the signal comprises the iden 
tity of the signal; 

receiving, by a signal-identifying controller from a test 
probe in contact with the test point, the test signal includ 
ing the identifier; 

displaying, on a display of the signal-identifying control 
ler, independence upon the identifier, the identity of the 
signal, including extracting the identity of the signal 
from the test signal. 
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2. The method of claim 1 wherein the identity of the signal 
comprises one or more of a component name, a pin name, a 
schematic symbol name, and a signal name. 

3. The method of claim 1 wherein inserting into the test 
signal an identifier of the signal further comprises inserting 
the identifier periodically at predetermined intervals. 

4. The method of claim 1 wherein the identifier of the signal 
comprises the identity of the signal, and inserting an identifier 
of the signal further comprises: 

demultiplexing the identifier to the output pin with a 
demultiplexer address; and 

finding, in dependence upon the demultiplexer address in a 
list of signal identities, the identity of the signal. 

5. The method of claim 1 wherein: 
the identifier of the signal comprises only an encoded value 

that represents the identity of the signal; 
inserting an identifier of the signal further comprises 

demultiplexing the identifier to the output pin with a 
demultiplexer address; and 

the method further comprises taking, by the signal identi 
fication logic as the encoded value, the demultiplexer 
address. 

6. The method of claim 1 wherein: 
the identifier of the signal comprises only an encoded value 

that represents the identity of the signal; and 
displaying the identity of the signal further comprises 

extracting the encoded value from the test signal and 
decoding the encoded value. 

7. The method of claim 1 wherein: 
the identifier of the signal comprises only an encoded value 

that represents the identity of the signal; and 
displaying the identity of the signal further comprises 

extracting the encoded value from the test signal and 
decoding the encoded value, including finding, in 
dependence upon the encoded value in a list of signal 
identities, the identity of the signal. 

8. The method of claim 1 wherein: 
the method further comprises configuring the integrated 

circuit with an initial demultiplexer address and a 
demultiplexer address range; and 

inserting an identifier of the signal further comprises 
demultiplexing the identifier to the output pin with a 
demultiplexer address that satisfies I <=A <=(I+R-1), 
where I is the initial demultiplexer address, A is the 
demultiplexer address, and R is the demultiplexer 
address range. 

9. Apparatus for identifying a signal on a printed circuit 
board (PCB) under test, the apparatus comprising: 

a PCB under test, including an integrated circuit mounted 
on the PCB, the integrated circuit comprising a test 
signal generator that functions by transmitting a test 
signal to an output pin of the integrated circuit, the 
output pin connected to a test point on the PCB; 

the integrated circuit further comprising signal identifica 
tion logic that functions by inserting, into the test signal, 
an identifier of the signal, wherein the identifier of the 
signal comprises the identity of the signal; 

a test probe in contact with the test point; and 
a signal-identifying controller that functions by receiving 

from the test probe the test signal including the identifier 
and displaying, in dependence upon the identifier, the 
identity of the signal on a display of the signal-identify 
ing controller. 

10. The apparatus of claim 9 wherein the identifier of the 
signal comprises the identity of the signal, and inserting an 
identifier of the signal further comprises: 
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14 
demultiplexing the identifier to the output pin with a 

demultiplexer address; and 
finding, independence upon the demultiplexer address in a 

list of signal identities, the identity of the signal. 
11. The apparatus of claim 9 wherein: 
the identifier of the signal comprises only an encoded value 

that represents the identity of the signal; 
inserting an identifier of the signal further comprises 

demultiplexing the identifier to the output pin with a 
demultiplexer address; and 

the method further comprises taking, by the signal identi 
fication logic as the encoded value, the demultiplexer 
address. 

12. The apparatus of claim 9 wherein: 
the identifier of the signal comprises only an encoded value 

that represents the identity of the signal; and 
displaying the identity of the signal further comprises 

extracting the encoded value from the test signal and 
decoding the encoded value. 

13. The apparatus of claim 9 wherein: 
the identifier of the signal comprises only an encoded value 

that represents the identity of the signal; and 
displaying the identity of the signal further comprises 

extracting the encoded value from the test signal and 
decoding the encoded value, including finding, in 
dependence upon the encoded value in a list of signal 
identities, the identity of the signal. 

14. A computer program product for identifying a signal on 
a printed circuit board (PCB) under test, the computer pro 
gram product disposed upon a computer readable storage 
medium, the computer program product comprising com 
puter program instructions capable, when executed, of caus 
ing automated signal-identifying apparatus to function by: 

transmitting a test signal from a test signal generator of an 
integrated circuit mounted on the PCB to an output pin 
of the integrated circuit, the output pin connected to a 
test point on the PCB; 

inserting, by signal identification logic of the integrated 
circuit into the test signal, an identifier of the signal, 
wherein the identifier of the signal comprises the iden 
tity of the signal; 

receiving, by a signal-identifying controller from a test 
probe in contact with the test point, the test signal includ 
ing the identifier; 

displaying, on a display of the signal-identifying control 
ler, independence upon the identifier, the identity of the 
signal, including extracting the identity of the signal 
from the test signal. 

15. The computer program product of claim 14 wherein the 
identifier of the signal comprises the identity of the signal, 
and inserting an identifier of the signal further comprises: 

demultiplexing the identifier to the output pin with a 
demultiplexer address; and 

finding, independence upon the demultiplexer address in a 
list of signal identities, the identity of the signal. 

16. The computer program product of claim 14 wherein: 
the identifier of the signal comprises only an encoded value 

that represents the identity of the signal; 
inserting an identifier of the signal further comprises 

demultiplexing the identifier to the output pin with a 
demultiplexer address; and 

the method further comprises taking, by the signal identi 
fication logic as the encoded value, the demultiplexer 
address. 

17. The computer program product of claim 14 wherein: 
the identifier of the signal comprises only an encoded value 

that represents the identity of the signal; and 
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displaying the identity of the signal further comprises 
extracting the encoded value from the test signal and 
decoding the encoded value. 
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